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Journal of Insect Science | www.insectscience.org 1Figure 1. A chain of follicles dissected from an ovariole from a pharate adult of Hyalophora cecropia. About four hours of developmental
time separate neighboring follicles. This chain had been stained in vitro for 5 min with trypan blue, which binds to vitellogenic follicles while
leaving post-vitellogenic follicles unstained. The largest staining follicle is 2.0 mm long.
Follicles and ovarioles
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Prefollicular Development
1. Origin of the ovarioles
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Journal of Insect Science | www.insectscience.org 2Figure 2. Three early vitellogenic follicle from an ovariole such as that in figure 1. Oocytes are opaque due to light scattering by yolk
particles and yellow due to the carotenoid conjugates of lipophorin, the second most abundant yolk protein in this species. Nurse cells form a
cap on the anterior surface of the oocyte. The translucent layer surrounding the oocyte is the 50 m thick epithelium of follicle cells
2. Octet formation
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3. Extrusion from the ovarian capsule
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Journal of Insect Science | www.insectscience.org 3Figure 3. Section of a vitellogenic Hyalophora follicle that had been stained with Azure-B to reveal the distribution of RNA. Cytoplasm is
deeply stained. Three giant, folded nurse cell nuclei are at the top of the section. A flattened epithelium of follicle cells covers the nurse cells
while the oocyte is covered by taller, columnar-shaped cells. The oocyte is close-packed with non-staining yolk particles. An RNA-rich delta
of cytoplasm lies close to the nurse cells at its anterior pole and a lightly staining cortex underlies its surface (Reprinted with permission from
Pollack and Telfer 1969 Journal of Experimental Zoology 190:1–24.)
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Follicle formation
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Follicle dormancy
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1. The role of the nurse cells
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Journal of Insect Science | www.insectscience.org 5Figure 4. Fluorescence micrograph of a vitellogenic follicle that had been exposed in situ to fluorescein-labeled rabbit serum globulin. The
probe had been injected into the hemolymph of a pharate adult Hyalophora female. Fluorescence is present in a continuous zone of protein
yolk spheres that had been produced during a 24 hour incubation. The labeled yolk spheres had not mixed with the cohesive core of non-
fluorescent yolk spheres that had been produced prior to injection of the probe. The follicle was frozen and sectioned in a droplet of hemo-
lymph whose fluorescence is visible on the lower right.
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Journal of Insect Science | www.insectscience.org 6Figure 5. *SDS-acrylamide gel electrophoresis of yolk proteins from Hyalophora cecropia. The two paravitellin
bands are subunits of a protein that is synthesized by ovarian follicle cells. The remaining components are fat body
products that were identical to standards isolated from the hemolymph. Lipophorin bands 1 and 2 are the 250 and
85 kDa apolipophorins I and II; vitellin bands 1 and 2 are the 180 and 45 kDa subunits of vitellogenin; the flavopro-
tein and arylphorin bands are, 85 and 75 kDa subunits of corresponding hemolymph storage hexamers; microvitel-
lin is a 30 kDa monomer of microvitellogenin. (Adapted from Telfer and Pan, 1988).
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b. Coated vesicles and pinosomes
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c. Membrane turnover
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d. Protein uptake kinetics
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3. Fat body functions
a. Yolk protein synthesis
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Journal of Insect Science | www.insectscience.org 8Figure 6. Transmission electron micrograph of endocytotic vesicles in the cortex of a vitellogenic Hyalophora follicle. The membrane enclos-
ing each vesicle appears as a dark line (arrow). The structures radiating outward from the membrane are sections of the clathrin coat, a pro-
tein complex that mechanically converts a region of planar cell surface membrane into a spherical vesicle with a diameter of about 150 nm.
The inner surface of each vesicle is lined by receptor-bound proteins derived from extracellular fluids. The non-staining lumen is believed to
contain unbound solutes.
b. Synthesis and storage of circa 500-kDa
hexamers
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4. Follicle cell functions
a. Intercellular spaces
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b. Secretion of yolk proteins
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c. Trypan blue as an indicator of endocytosis
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5. Other activities of vitellogenic follicles
a. Proton pumps in Hyalophora and Manduca
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b. Calcium pumps in the nurse cell cap
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c. Lipid yolk formation
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d. Glycogen deposition
> 9>C53D D9CCE5C 75>5B1<<I 7<I3?75> 9C CI>D85C9J54 6B?=
7<E3?C5 D81D 9C 49CDB92ED54 9> D85 85=?<I=@8 9> D85 6?B=
?6 D85 49C13381B945 DB581<?C5 -I1DD  <E3?C5 9C
=145 1F19<12<5 6?B 7<I3?75> CI>D85C9C G85> DB581<?C5 9C
8I4B?<IJ54 4EB9>7 5>DBI 9>D? D85 35<< *B581<1C5 D85 5>
JI=5 B5C@?>C92<5 6?B 8I4B?<IC9C 9C CDB1D57931<<I <?31D54 9>
D85 3ID?@<1C=93 =5=2B1>5 ?6 D85 D1B75D 35<< *89C =?45<
G1C C8?G> D? 8?<4 6?B D85 @B?F9C9?> ?6 7<I3?75> @B53EBC
?BC 9> ?F1B91> 6?<<93<5C ?6 Bombyx /1=1C89D1 1>4
1C571G1  Bombyx 9C ?6 C@5391< 9>D5B5CD 85B5 25
31EC5 C?=5 B135C 5>D5B G9>D5B 4?B=1>3I 16D5B 577 <1I9>7
*85 5=2BI?C 3?>F5BD CD?B54 7<I3?75> D? C?B29D?< 1>4 7<I
35B?< D85B52I 719>9>7 1 <5F5< ?6 3BI?@B?D53D9?>
/1=1C89D1 1>4 1C571G1  > @B5@1B1D9?> 6?B 491
@1EC5 1 @5@D945 8?B=?>5 6B?= D85 CE25C?@81751< 71>7<9
?> CD9=E<1D5C D85 ?F1B95C D? 5>81>35 D85 1=?E>D ?6 7<I3?
75> 45@?C9D54 9> D85 ??3ID5 91@1EC5 D5B=9>1D5C 16D5B 1
@5B9?4 ?6 389<<9>7 1>4 7<I3?75> 9C D85> B575>5B1D54 6B?=
D853BI?@B?D53D1>DC
ED?B149?7B1@8I ?6 6?<<93<5C <125<54 in situ G9D8 
7<E3
?C5 9>4931D54 D81D CI>D85C9C 1>4 45@?C9D9?> ?6 7<I3?75>
1B5 =?CD B1@94 9> D85 3?BD931< 3ID?@<1C= ?6 D85 ??3ID5
G9D8 D85 1CC5=2<54 @1BD93<5C <1D5B =?F9>7 9>D? 9>D5BCD935C
25DG55> D85 <9@94 1>4 @B?D59> I?<; 2?495C 455@5B 9> D85
??3ID5 <I3?75> 133E=E<1D9?> C@1>C 1 <?>75B @5B9?4
Journal of Insect Science: Vol. 9 | Article 50 Telfer
Journal of Insect Science | www.insectscience.org 11D81> @B?D59> 1>4 <9@94 I?<; 6?B=1D9?> ?F5B 
 ?6 D85
7<I3?75> @B5C5>D 9> =1DEB5 577C ?6 Hyalophora 9C 45@?C9D54
9> D85 ??3ID5 4EB9>7 D5B=9>1< 7B?GD8 1 @?CDF9D5<<?75>93
@5B9?4?6G1D5BE@D1;5&?<<13;
e. Ecdysteroid storage
"9;5 =1>I ?D85B 9>C53DC <5@94?@D5B1>C @B?F9C9?> D859B
577C G9D8 8978 3?>35>DB1D9?>C ?6 534ICD5B?94C D81D 1B5
=145 1F19<12<5 D? 45F5<?@9>7 5=2BI?C 1>4 @B581D389>7
<1BF15 B5F95G54 9> ?66=1> 5D 1< 
 *85I 9>3<E45
534IC?>5 1>4 
8I4B?HI534IC?>5 1C G5<< 1C 8I4B?@89<93
3?>:E71D5C ?6 D85C5 1>4 ?D85B 534ICD5B?94C 9> 2?D8 Bombyx
%8>9C89 1>4 81=9  %8>9C89 5D 1<  C91?
1>4 C91?  1>4 Hyalophora (E25>CD59> 5D 1< 
CC1IC ?6 9>49F94E1< 6?<<93<5C 9> Hyalophora ?F1B9?<5C
C8?G54 D81D D85 534ICD5B?94C 133E=E<1D5 4EB9>7 2?D8 F9
D5<<?75>5C9C 1>4 @?CDF9D5<<?75>93 G1D5B E@D1;5 > Galleria
mellonella D85 D?D1< 133E=E<1D9?> 9C 5AE9F1<5>D D?  7? 6
534IC?>5@5B7B1=?6577CC91?1>4C91?
f. Water uptake
%>5 ?6 D85 B5F5<1D9?>C ?6 DBI@1> 2<E5 CD19>9>7 G1C D85
69>49>7 D81D E>CD19>54 6?<<93<5C 81F5 E@ D? 696DI @5B35>D
<1B75B F?<E=5C D81> D85 <1B75CD CD19>9>7 6?<<93<5C 97EB5
 *89C G1C D85 69BCD 9>4931D9?> ?6 1 D5B=9>1< 7B?GD8
@81C5 G8938 DEB>54 ?ED D? 9>3<E45 D85 ?C=?D93 E@D1;5 ?6
G1D5B *5<65B 1>4 >45BC?>  *85 6?<<93<5 35<<C CG5<<
1C G5<< 1C D85 ??3ID5 -1>7 1>4 *5<65B  1>4 D89C ?2
<9D5B1D5C D85 9>D5B35<<E<1B C@135C G8938 1D D89C CD175 81F5
<?CD D859B CE<61D54 =1DB9H )DE495C ?> 9?> @8IC9?<?7I
45=?>CDB1D54 D81D 9>3B51C5C 9> 3ID?@<1C=93 3?>35>DB1
D9?>C ?6 2?D8 @?D1CC9E= 1>4 38<?B945 9?>C 3?>DB92ED5 D?
?C=?D93CG5<<9>7-1>71>4*5<65B
*85 5>4 ?6 G1D5B E@D1;5 31> 25 F9CE1<9J54 2I 9==5BC9>7
?F1B9?<5C 9> 1 8I@5BD?>93 CE3B?C5 C?<ED9?> ,9D5<<?75>93
6?<<93<5C <?C5 G1D5B D? D85 8I@5BD?>93 =549E= 1>4 3?>
C5AE5>D<I C8B9F5< > Hyalophora 1@@B?H9=1D5<I 6?EB D5B
=9>1< 7B?GD8 6?<<93<5C 1<C? C8B9F5< ED ?<45B 6?<<93<5C B5
D19> D859B 8I4B1D54 C81@5C D859B ??3ID5C 81F9>7 255>
3?1D54G9D81G1D5B9=@5B=512<5<1I5B
 G1D5B 21BB95B =1;5C 141@D9F5 C5>C5 9> C@5395C D81D <1I
D859B 577C ?> 5H@?C54 CEB6135C G85B5 D85I G?E<4 AE93;<I
458I4B1D5 9> 9DC 12C5>35 D 9C 1 D5=@?B1BI C?<ED9?>
G8938 C5BF5C D? 9>CE<1D5 D85 577 E>D9< D85 5=2BI? @B?
4E35C1>5F5>=?B59=@5B=512<5C5B?C1<3ED93<5
Postvitellogenic development
-85> 6?<<93<5C D5B=9>1D5 85=?<I=@8 @B?D59> E@D1;5
D859B 9>D5B35<<E<1B C@135C <?C5 D85 129<9DI D? 29>4 DBI@1>
2<E5 1>4 5>4?3ID?C9C ?6 D85 4I5 351C5C *85 51B<95B
CE<61D5<125<9>7 =1DB9H 49C1CC5=2<5C 1>4 D85 C@135C 9D 814
?33E@954 3?<<1@C5 *5<65B  *85 6?<<93<5 35<<C 6?B= 9>
D5B35<<E<1B :E>3D9?>C D81D 6EBD85B ?2CDBE3D @1CC175 ?6
85=?<I=@8 @B?D59>C D? D85 ??3ID5 > DB1>C=9CC9?> 5<53
DB?> =93B?C3?@I D85C5 C9D5C 1@@51B C9=9<1B D? F5BD52B1D5
D978D :E>3D9?>C (E25>CD59>  > 6E>3D9?> 1<C? D85I
B5C5=2<5 D978D :E>3D9?>C @B9?B D? D859B 6?B=1D9?> 6<E?B5C
35>D C?<ED5C 9>:53D54 6B?= 1 31@9<<1BI 5<53DB?45 9>D? D85
C@135 49B53D<I CEBB?E>49>7 D85 ??3ID5 5H9D B1@94<I
25DG55> D85 6?<<93<5 35<<C 1>4 G9D89> =9>ED5C 49C@5BC5 9>
D85 9>3E21D9?> =549E= ED G85> D85 D978D :E>3D9?>C 1B5
9> @<135 6<E?B5C35>D 4I5C 1B5 E>12<5 D? 5H9D D85 6?<<93<5
1>4 C55@ 9>CD514 E>45B D85 5@9D85<9E= 1>4 1B?E>4 D85
CEB6135?6D85??3ID5-1>71>4*5<65B
6D5B D85 9>D5B35<<E<1B C@135C 81F5 3<?C54 1>4 85=?
<I=@8 @B?D59> E@D1;5 81C D5B=9>1D54 D85 6?<<93<5 35<<C
3?>D9>E5 D? C53B5D5 D859B I?<; @B53EBC?B 1>4 D85 ??3ID5
3?>D9>E5C D? 5>4?3ID?C5 9D D 133E=E<1D5C 9> 3?BD931< F5C
93<5C D81D 1B5 C=1<<5B 1>4 45>C5B D81> D85 51B<95B




*8B?E78?ED F9D5<<?75>5C9C 1 C5F5B1< = D893; F9D5<<9>5 5>
F5<?@5 C5@1B1D5C <5@94?@D5B1> ??3ID5C 6B?= D859B 5@9
D85<91 > DB1>C=9CC9?> 5<53DB?> =93B?7B1@8C D85 5>F5<?@5
81C 1 69>5 7B1>E<1B 1@@51B1>35 <D8?E78 9DC =?<53E<1B
CDBE3DEB5 9C >?D ;>?G> 9D 9C ?6 >535CC9DI @?B?EC 5>?E78 D?
@5B=9D @1CC175 ?6 F9D5<<?75>9> 1>4 ?D85B I?<; @B53EBC?BC
D? D85 5>4?3ID?D93 CEB6135 ?6 D85 ??3ID5 *85 6?<<93<5 35<<C
6?B= F9<<9 D81D 1DD138 D? D85 ?ED5B CEB6135 ?6 D85 5>F5<?@5
G89<5 D85 D9@C ?6 6?<4C 9> D85 5>4?3ID?D93 CEB6135 ?6 D85 ??
3ID5 1DD138 D? 9DC 9>>5B CEB6135 -85> 6?<<93<5C 1B5 2B956<I
DB51D54 G9D8 1 @B?D59>1C5 1<< 1DD138=5>DC D? D85 F9D5<<9>5
=5=2B1>5 <??C5> 1>4 9D 9C D85> @?CC92<5 D? C5@1B1D5 9>
D13D 5@9D85<91 6B?= D85 ??3ID5 =1>E1<<I >45BC?> 1>4
*5<65B
> 1449D9?> ?331C9?>1< F9<<15 5HD5>49>7 6B?= D85 ??3ID5
CEB6135 @5>5DB1D5 D85 F9D5<<9>5 5>F5<?@5 1>4 49B53D<I 9=
@9>75 ?> D85 9>>5B CEB6135 ?6 1 6?<<93<5 35<< -??4BE66
 1@ :E>3D9?>C 6?B=9>7 1D D85C5 9>D5B6135C 133?E>D
6?B 5<53DB931< 3?E@<9>7 1>4 D85 3ID?@<1C= D? 3ID?@<1C=
5H381>75C ?6 C=1<< =?<53E<5C 25DG55> ??3ID5C 1>4 5@9
D85<91G89383?==5>351DD85?>C5D?6F9D5<<?75>5C9C
*85 F9D5<<9>5 5>F5<?@5 7B?GC B1@94<I 5>?E78 4EB9>7 F9D5<
<?75>5C9C D? 3?F5B G9D8?ED 9>D5BBE@D9?> D85 5H@1>49>7
CEB6135 1B51 ?6 D85 ??3ID5 -85> ??3ID5 7B?GD8 D5B=9>
1D5C 5>F5<?@5 =1D5B91< 3?>D9>E5C D? 25 45@?C9D54 1>4 B5C
E<DC 9> 1 C5F5B1<6?<4 9>3B51C5 9> 9DC D893;>5CC %?3ID5 F9<<9
G9D84B1G 4EB9>7 D85 D893;5>9>7 1>4 3?==E>931D9?> G9D8
D85 6?<<93<5 35<<C D8B?E78 71@ :E>3D9?>C D8EC D5B=9>1D5C
&8IC9?<?7931< 9C?<1D9?> ?6 D85 ??3ID5 9C 6EBD85B 5>6?B354
2I 1 <1I5B ?6 D89> @<1D5<9;5 CDBE3DEB5C G8?C5 1@@51B1>35
?> D85 ?ED5B CEB6135 ?6 D85 F9D5<<9>5 5>F5<?@5 3?BB5<1D5C
G9D8 45@?C9D9?> ?6 D85 G1D5B 21BB95B *5<65B 1>4 )=9D8


*85 ??3ID5 1>4 D85 6?<<93<5 35<<C >?G 45F5<?@ 9>45@5>4
5>D<I ?6 5138 ?D85B *85 ??3ID5 38B?=?C?=5C <9>5 E@ ?>
1 =59?D93 =5D1@81C5 @<1D5 &?<<13; 1>4 *5<65B  >4
Journal of Insect Science: Vol. 9 | Article 50 Telfer
Journal of Insect Science | www.insectscience.org 129DC 3?BD931< 3ID?@<1C= B5?B71>9J5C 9> @B5@1B1D9?> 6?B 75B=
21>4 1>4 C5B?C1 6?B=1D9?> *85 <1DD5B DB1>C6?B=1D9?> 9C
C97>1<54 2I D85 CG5<<9>7 ?6 D85 B56B13D9<5 2?495C D? <?G
45>C9DI 3?BD931< F5C93<5C *5<65B 1>4 )=9D8 
 ?<<93<5
35<< @B?4E3DC <?31<9J54 9> D85C5 F5C93<5C 1B5 D8EC =145 13
35CC92<5 6?B ED9<9J1D9?> 51B<I 9> 5=2BI?75>5C9C 1C D85
2<1CD?45B=6?B=C>4B1C9D85D1<
2. Chorion formation
a. Structure and sequential deposition
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b. Chorion proteins encoded by multigene
families
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after the egg is laid. The secretory surface of a follicle cell is shown at the lower right corner of the figure.
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c. Time sequences in chorion protein
synthesis
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Control of follicle development
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